Dyspeptic symptoms are common in patients with functional gastrointestinal (GI) disorders, and may be related to visceral hypersensitivity. We aim to explore the relation between visceral hypersensitivity by using an ultrasonographic meal test and questionnaires in patients with irritable bowel syndrome (IBS) and/or functional dyspepsia (FD).
Introduction
Functional gastrointestinal disorders (FGIDs) such as functional dyspepsia (FD) and irritable bowel syndrome (IBS) are common conditions affecting daily life and activities of many patients. The pathophysiology of FGIDs is complex and not fully understood, involving disturbances of the brain-gut-axis, low-grade inflammation, gastric and intestinal dysmotility and visceral hypersensitivity, as well as changes of the microbiota. [1] [2] [3] In FD the main symptoms are early satiation, epigastric pain, postprandial fullness, and epigastric burning. [4] [5] [6] IBS is characterized by recurrent abdominal pain associated with stool changes, sometimes with abdominal bloating and distention. 2 Dysmotility and hypersensitivity of the stomach are key features in FD, 7 and has been extensively studied by many different modalities. Symptoms in FGIDs are often exacerbated by food, and meal tests are a common method of investigating postprandial symptoms. 8 In addition to the before mentioned mechanisms underlying the FGIDs, anxiety and depression are frequently reported in association with FGIDs, 5, 9 and may play an important role in modulating the sensory stimuli on the gut-brain axis. 10 However, it is unclear if this relationship is an indication of causality or consequence. 11 In this paper, we present results from the Ultrasound Meal Accommodation Test (UMAT) 12 investigating the stomach by ultrasound, combined with a drink test, not only in FD patients, but also patients with IBS, and healthy controls (HC). The general findings from this cross-sectional study have been published in 2016. 13 We aim to investigate dyspeptic symptoms in patients with FGIDs, and explore whether the symptoms were associated with alterations of intragastric meal distribution assessed by the UMAT and psychological factors.
Materials and Methods

Study Population
All patients who had undergone the UMAT from 1999 to 2014 at Haukeland University Hospital, a tertiary University clinic in Bergen, Norway, were included (n = 509).
In the present study, we identified patients diagnosed with FD or IBS during the UMAT. Patients were diagnosed with FD or IBS according to Rome II and III, depending on time of inclusion. Following UMAT and a clinical evaluation, patients were given In-ternational Statistical Classification of Diseases and Related Health Problems (ICD-10) diagnoses of IBS and/or FD, following clinical routines. Patients with abdominal discomfort, pain, nausea, or dyspepsia clearly associated with depression or eating disorders were given the diagnosis "psychogenic abdominal pain" and treated as a separate group. Patients with signs and symptoms of gastroparesis, in particular patients with diabetes type 1, were not diagnosed with FD.
HC (n = 30; 20 women, 10 men) were recruited and examined during 2016 and 2018. Some were students in nursing and medical school; others were colleagues from our hospital. All signed written consent before enrollment. None of the controls had FD or IBS according to the Rome III or IV criteria, and they did not use any medications affecting the stomach. One participant had had an appendectomy, 2 had had ovarian surgery, and 1 had her uterus removed. They were all examined by the same protocol as the patients. One of the controls had an abnormal shape of her proximal stomach, and accordingly, these measurements were excluded from our analyses.
Symptoms
Visual analogue scales (VAS) has proven valuable to record nausea, and in some studies has proven superior to the Likert and Borg integral scales. Measuring change in the intensity of nausea after meal ingestion is recognized in diagnoses such as gastroparesis. 14 In this project, patients reported their levels of epigastric pain, nausea, fullness/bloating, satiety and total discomfort on a VAS ranging from 0-100 mm, at the fasting state and immediately after soup ingestion.
The Ultrasound Meal Accommodation Test
The UMAT is a clinical examination that combines accommodation testing, a drinking test and evaluation of gastric emptying. The procedure was previously described by Gilja et al. 15 The patients were examined in a fasting state, seated, and leaning slightly backwards. Measurements of the area of the antrum was obtained by a curvlinear abdominal ultrasound probe (frequency 3.5 MHz), and the patient reported his/her symptoms using standardized symptom questionnaires (VAS) before drinking a 500 mL low-calorie soup (Toro klar kjøttsuppe; Rieber & Søn A/S, Bergen, Norway; contents: 1.8 g protein, 1.1 g carbohydrate, 0.9 g bovine fat, and 83.68 kJ) during 4 minutes. Immediately after soup intake, the proximal stomach was measured in 2 standardized sections, and the antral area was measured. Symptom registration was repeated immediately after finishing the meal. Ultrasound measurements were repeated at 10 minutes and 20 minutes postprandially. By measuring the sagittal area, together with the greatest oblique diameter of the proximal stomach, it is possible to assess gastric accommodation by ultrasound. Only the patients who completed the 500 mL meal were included in the analysis of ultrasonographic measurements.
Questionnaires
As a measure of traits of neuroticism, we used a 12 item questionnaire (Eysenck's Personality Questionnaire-neuroticism [EPQ-N]; Revised, Short Form). 16 The Visceral Sensitivity Index (VSI) is a questionnaire measuring gastrointestinal (GI) specific anxiety, and has proven useful in populations with FGIDs. 17, 18 The IBS Symptom Severity Score (IBS-SSS) was used to assess the symptom load of IBS symtptoms. 19 VSI and IBS-SSS were introduced in 2013 and results were available for most patients examined during 2013 and 2014. EPQ-N has been used consistently from 1999. In some cases, patients did not answer all required fields, and the results from these questionnaires were excluded from analysis.
Ethical Considerations
The study was defined as a quality control project, and approved by the Data Protection Official at Haukeland University Hospital (2014/20478). Information about the study participants was stored anonymously on a secure server. The HC study was approved by the Regional Ethical Committee (REK 2014/222-20).
Statistical Methods
All analysis were done using IBM SPSS Statistics version 24 (IBM Corporation, Armonk, New York, USA), and figures were made using GraphPad Prism version 8 (GraphPad Software, San Diego, USA). Unless stated otherwise, data are presented as mean ± SD. We used the χ 2 test and odds ratio to compare categorical variables. For the comparisons of continuous variables between independent groups, we used Students t test, and for changes in symptoms before and after a meal, we used paired samples t test.
When comparing ultrasonographic measurements between the different patient groups and HC, we used one-way ANOVA where the variances were similar (assessed by Levene's test), and Welch's test where the variances differed. Because of difference in sample sizes and sometimes variance between the groups, we used the Games-Howell post-hoc test. Associations were analyzed by Pearson's correlation, linear regression, and logistic regression. Results from logistic regression were reported as an odds ratio with 95% confidence interval. P-values < 0.05 were considered statistically significant.
Results
Study Population
In the period from 1999-2014, 509 patients were assessed using the UMAT at Haukeland University Hospital, Bergen, Norway. 13 In the present paper, we investigated 94 patients diagnosed with FD (80% women, age 31.6 ± 13.0 years, body mass index [BMI] 22.1 ± 4.1 kg/m 2 ), 88 with IBS (72% women, age 37.0 ± 15.0 years, BMI 23.8 ± 4.6 kg/m 2 ), and 66 patients with comorbid IBS and FD (from here on referred to as IBS + FD, 86% women, age 37.6 ± 13.0 years, BMI 23.0 ± 3.9 kg/m 2 ). For comparison, 30 HC were recruited (66% women, age 32.6 ± 12.0 years, BMI 23.5 ± 2.6 kg/m 2 ). For the statistical analyses, we treated the patients with IBS + FD as a separate group. Patients with FD were generally younger (P = 0.011) and had a lower BMI (P = 0.047) than patients with IBS, but the difference in BMI disappeared when adjusting for postprandial nausea (logistic regression, adjusted P = 0.173). We observed a larger age span in the IBS group. The gender distribution was not different between the groups (P > 0.05). Results from some questionnaires are listed in Table 1 . We found that IBS patients had higher scores on both IBS symptom severity scale (IBS-SSS) and GI specific anxiety (VSI) compared to patients suffering from FD (P < 0.05). We observed no significant difference between the groups regarding neuroticism score (EPQ-N). All patient groups had significantly higher neuroticism scores than HC (P < 0.001).
Dyspeptic Symptoms in Irritable Bowel Syndrome and Functional Dyspepsia Compared to Healthy Controls
Patients with FD, IBS or both had significantly more epigastric pain, nausea, and upper GI discomfort both before and after the soup meal (P < 0.001) compared to HC. The levels of satiety immediately after the meal was equal in all groups. Patients with IBS + FD reported higher levels of bloating/distention (mean VAS, 57.5; SD, 29.2) compared to HC (mean VAS, 40.2; SD, 25.4; P = 0.006) and patients with only IBS (mean VAS, 36.8; SD, 28.2; P < 0.001). In the fasting state, all patient groups reported higher levels of bloating/distention compared to HC (P < 0.01). Not all patients were able to completely finish the soup meal of 500 mL. Seventeen FD patients (18%), 13 IBS + FD patients (20%), and 5 IBS patients (6%) were unable to finish, or vomited immediately after soup intake (P = 0.010). In the HC group, all participants completed the meal. Not being able to complete the meal was associated with nausea (OR, 1.025; 95% CI, 1.012-1.038; P < 0.001), epigastric pain (OR, 1.017; 95% CI, 1.004-1.030; P = 0.012), and upper GI discomfort (OR, 1.021; 95% CI, 1.008-1.034; P = 0.001) immediately after soup intake. Women were more likely to not complete the meal (OR, 5.14; 95% CI, 1.204-22.400; P = , 0-100 mm) immediately after intake of 500 mL of a low calorie soup in patients with either functional dyspepsia (FD; n = 94), irritable bowel syndrome (IBS; n = 85), or both IBS and FD (IBS + FD; n = 66), compared to healthy controls (HC; n = 30). All patient groups reported significantly higher levels of nausea compared to HC (P < 0.001). 0.015), and FD patients had higher probability of not finishing the meal compared to patients with IBS (OR, 3.665; 95% CI, 1.29-10.41; P = 0.010).
Nausea in Irritable Bowel Syndrome and Functional Dyspepsia
Patients with IBS, FD or both all reported higher levels of nausea in both fasting and postprandial condition ( Fig. 1 and 2) compared to HC (P < 0.001). BMI negatively correlated to nausea in both a fasting (r = -0.202, P = 0.010,) and a postprandial (r = -0.265, P = 0.001) state. Furthermore, age negatively correlated to postprandial nausea (r = -0.271, P < 0.001). As shown in Table  2 , high proportions of patients in all patient groups reported nausea pre-and post-prandially, whereas only 3% of the healthy participants experienced nausea > 20 mm in a fasting state, and none of them reported nausea > 50 mm on VAS after the meal (P < 0.05). Almost half of the patients with FD reported symptoms of nausea of > 50 mm after the meal, and 25% of patients with IBS reported the same symptomes. The group with overlapping IBS and FD had the highest proportion of patients with nausea > 20 mm in a fasting state (52%), compared to 26% (IBS) and 28% (FD), P < 0.005.
There was a correlation between the oblique fundal diameter at 20 minutes and nausea immediately after the meal (r = 0.196, P = 0.010 Pearson's correlation, all patients with IBS and/or FD, n = 202), but nausea did not correlate to neuroticism or GI specific anxiety score. Table 3 shows an overview of the gastric measurements from the UMAT in patients with IBS, FD, and HC, and Table 4 shows the results of the post-hoc analysis. The antrum was significantly larger compared to HC in a fasting state for FD patients (P = 0.049), IBS patients (P = 0.006) and overlap FD + IBS patients (P = 0.010) ( Fig. 3) . Patients with FD had significantly smaller fundal diameters (P < 0.05; Fig. 4 ) and proximal areas (P < 0.05) after the liquid meal at 1 minute and 10 minutes postprandially compared to IBS patients. Compared to HC, the sagittal area and oblique fundal diameter were smaller in patients with FD, but not the other patient groups, at 1 minute and 10 minutes (proximal area: P < 0.05, and proximal diameter: P < 0.01). IBS patients and the overlap group had similar proximal measurements as the HC group. 
Gastric Motility Assessed With Ultrasound
Cut-off Values the Ultrasound Meal Accommodation Test
To achieve a cut-off value for proximal accommodation, we calculated mean value -2SD in HC. Thus, an oblique frontal diameter 1 minute after soup < 4.7 cm, and 10 minutes after soup < 3.5 cm, and sagittal area < 20.9 cm 2 at 1 minute and < 17.9 cm 2 at 10 minutes are indicative of impaired gastric accommodation. We found that 34% and 32% of patients with FD had oblique frontal diam-eters below the cut-off values at 1 minute and 10 minutes postprandially (compared to zero HC, P < 0.001), but only 15% and 16% had proximal areas below the cut-off values (compared to 3% HC, P > 0.1). For antral distention, the cut-off values were calculated to be > 5.4 cm 2 (fasting), > 21.9 cm 2 (1 minute), < 17.3 cm 2 (10 minutes), and < 14.2 cm 2 . A higher proportion of patients with FD had antral distention compared to HC, but the difference was only significant in a fasting state (FD = 16% vs HC = 0%, P = 0.033). 
Neuroticism and Gastrointestinal Specific Anxiety and Its Relation to Dyspeptic Symptoms in Patients With Functional Dyspepsia and/or Irritable Bowel Syndrome
Mean EPQ-N-scores for patients with FD and IBS were 3.4 and 3.7, respectively (P > 0.05, not significant). In our HC group mean EPQ-N was 1.5 (P < 0.001). We found correlations between the following dyspeptic symptoms in a fasting state and EPQ-N: bloating/distention (r = 0.215, P = 0.002; Fig. 5 ), upper abdo minal discomfort (r = 0.171, P = 0.015), and epigastric pain (r = 0.159, P = 0.024). GI specific anxiety (VSI; n = 58) correlated to epigastric pain (r = 0.308, P = 0.008), bloating/distention (r = 0.255, P = 0.030), and upper abdominal discomfort (r = 0.239, P = 0.044) in a fasting state, but not postprandially. We found no correlations between VSI or EPQ-N and the gastric measurements.
Discussion
Symptoms from the upper GI tract as well as gastric motility has been studied in FD, but has been less investigated in IBS. In this study, we found that patients with IBS also experienced more symptoms of nausea, discomfort, and epigastric pain, immediately after a liquid meal compared with healthy subjects (P < 0.001).
In a fasting state, IBS patients reported higher levels of discomfort, nausea, bloating/distention, and epigastric pain than HC. Furthermore, we have for the first time shown that patients with IBS have larger antral area in a fasting state, equal to that of patients with FD, 20 compared to HC (P = 0.006).
In this study, we confirmed that the UMAT is a suitable method to assess gastric accommodation. Furthermore, we found that patients with IBS in general have a normal sized proximal stomach postprandially. We found a weak association between nausea and the oblique diameter of the proximal stomach 20 minutes after ingestion of the liquid meal. The size of the proximal stomach 20 minutes after meal ingestion is affected by both the accommodation reflex and subsequent adaptive relaxation, as well as the emptying rate of the stomach. Delayed gastric emptying is a well-known finding in some patients with FD, 21 and it is reasonable to assume that a subgroup of the patients in our study had delayed emptying as well. However, we have not studied gastric emptying specifically in this protocol, and were not able to correct for this factor in our regression analyses. This may explain the weak correlations we observed. The patients in our material probably represents a very heterogenous population, with different underlying mechanisms behind their symptoms.
The relationship between proximal gastric accommodation and dyspeptic symptoms in FD is not fully elucidated. Some studies have found that impaired accommodation is correlated to symptoms of early satiety, postprandial fullness, or weight loss, and others have found no such correlation. [21] [22] [23] Drinking capacity did not prove correlation to neither symptoms nor fundal accommodation, 24 and some studies has found that the antral volume may be of greater importance for a patient's drinking capacity than proximal volume. 25 Nausea is a non-specific symptom present in a variety of conditions, and is a frequently reported adverse effect of many drugs. It can be triggered by stimulation of the area postrema in the brainstem by medications, hormones, toxins or mechanical stimuli, 26 or may be a consequence of diseases or dysfunctions throughout the GI system, relayed by the vagal nerve. 27 A population survey showed that 9.5% of respondents had nausea at least once during the last 3 months. 28 Although not a diagnostic criteria, nausea is a common complaint in patients with FD. 29 In adult populations, 39-65% of FD patients report nausea, 30 and in a pediatric population studied in the United States, 86% of the patients reported nausea, of whom 70% reported an increase in nausea associated with eating. 31 Nausea is frequently reported in IBS as well, 2 and in one study 17% of IBS patients reported nausea during the last 7 days. 32 However, nausea has not been the focus of many studies of patients with IBS and it is a component of FGID that is often difficult to treat adequately.
In this study we demonstrated that nausea can be induced by drinking a low-caloric meal in patients with FD as well as patients with IBS, but not in HC. We found that nausea was associated with lower BMI and young age. Symptoms arising within a few minutes after drinking suggests that the response is mainly due to gastric sensitivity to volume and stretching of the gastric wall, rather than hormonal or chemosensoric response. Thus, postprandial nausea may also be a sign of visceral hypersensitivity, similar to pain and discomfort. Interestingly, neuroticism-and VSI-scores did not correlate to self-reported nausea, neither fasting nor postprandially.
Symptoms of bloating/distention, upper abdominal discomfort, and epigastric pain correlated to neuroticism and GI specific anxiety in a fasting state. However, postprandial symptoms did not correlate to these psychological features. Hypersensitivity to stretch of the gastric wall is probably less affected by central processes, suggesting that local processes in the stomach are of great importance for generating postprandial dyspeptic symptoms. Other studies have similar findings, strengthening the hypothesis that visceral hypersensitivity is an important contributor to symptom generation in IBS and FD. 33, 34 The etiology of the FGIDs is complex. Whitehead et al 35 suggested in 2002 a dual etiological mechanism for IBS, meaning that one group of IBS patients have predominantly central factors ("psychological"), whereas others have a peripheral ("biological") mechanism. This theory was supported in a mixture model analysis by Polster et al 36 in 2017, showing that IBS patients could be separated into several subgroups based not only on their bowel habits, but on the presence of extraintestinal psychiatric or somatic symptoms. We observed that only a subset of our patients had high scores on questionnaires such as VSI and EPQ-N 12, supporting the view that psychological factors are of importance for some groups of FGID patients, but maybe not all.
Being a retrospective cross-sectional study, it has limited value concerning causality of the associations we observed. A disadvantage of the study is that the use of different questionnaires has varied over the years, accounting for missing data in some questionnaires.
As the high mean IBS-SSS score indicated, the patient population represents that of a specialized referral center rather than a general population of FGID patients. Accordingly, we should be careful to extrapolate our findings to the general population. However, the study is unique in combining results from a drinking test, ultrasound measurements of the stomach, and psychological questionnaires.
In conclusion, nausea is a common symptom in patients with IBS as well as in FD, and was associated with low BMI and age, but not correlated to anxiety and neuroticism. For the first time, we have shown that patients with IBS, as well as patients with FD, had enlarged antral areas in a fasting state. Patients with FD had lower measurements of the proximal stomach as a sign of impaired accommodation, while patients with IBS had normal accommodation. Symptoms of bloating/distention, epigastric pain, and upper abdominal discomfort all correlated to anxiety and neuroticism in a fasting state, but not postprandially. Accordingly, postprandial symptoms were not influenced by the individual's anxiety or neurotic personality traits. This study support the view that there is a great overlap between various FGIDs, and we have for the first time demonstrated that patients with IBS also exhibit fasting antral distention on ultrasound scanning. Financial support: Elisabeth K Steinsvik has received funding from the Western Norway Regional Health Authority (Grant No. 912124).
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